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Example H 

Polvmvxln-B Sulfate Removal of Endotoxin 

1. Material Preparation (all buffers/materials prepared with 
pyrogen-free HgO and pyrogen-free glassware): 

PHMA media in 10 ml columns 

a. wash with 20 ml H 2 0 

b. 1.5% NaI04, in HgO, passed through at 1 ml/min for 30 min 

c. wash with 20 ml H 2 0 

d. equilibrate with 0.1H Sodium Phosphate buffer, pH 7.5 

e. 6 mis of a 5 mg/ml Polymyxin-B Sulfate solution 1n above 
buffer is recirculated overnight (0.5 mls/min) 

f. uncoupled Polymyxin-!} Sulfate washed out with 0.1M Phosphate 
buffer (saved for determination of amount coupled) 

g. column then equilibrated with 0.1M Borate buffer, pH 8.0 

h. 20 mis of a 1% ethanolamine solution recirculated with 4 x 
25 mg NaBfy additions added 60 minutes apart 

i. column washed with 0.1M NaP, pH 7.5 buffer and 0.15M HC1 + 
0.25M NaCl, pH 2.7, solution alternately (20 mis each; 2 
times for each solution) 

j. column equilibrated with 0.1M NaP buffer pH 7.5 [for a PHMA 
250 ml (12.5 g of media) cartridge— same procedure with an 
75X scale-up] 

The 10 ml column 1s the mini -column with a 10 mm diameter. 

2. Testing Procedure 

a. 0.02M NaP + 0.15M NaCl pH 7.0 + 10 mg/ml E. coll LPS (Sigma 
No. L-2880 Hpopolysaccharide from E. coll 05S:B5 phenol 
extract) flowed at 1 ml/min for 10 ml cartridge and 20 
ml/min for 250 ml cartridge. 

b. Same as a. except 20 mg/ml BSA added to buffer. 
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3- Assay Hethnds far Pyro gen Lev»U 

Test used: Whittaker Byproducts' QCL1000 
Quantitative Chromogenlc LAL assay. 

Principles of this test: Gram-negative bacterial endotoxin 
catalyzes the activation of a proenzyme in the Llmulus Amebocyte 
Lysate (LAL). The Initial rate of activation is determined by the 
concentration of endotoxin present. The activated enzyme catalyzes 
the splitting of p-nltroanlline (pNA) from a colorless substrate and 
the yellow color 1s measured photometrically at 405 nm after the 
reaction is stopped with acetic acid. After standards are run, the 

correlation between th* aKcnrK»«».« *l. . 

. ••-» «"« «<»<: eiiuutoxin concentration is 

linear in the 10-200 pg/ml range. 

Application of this test: The starting material is diluted with 
stenle saline to the proper concentration range and assayed to form a 
curve. The unknown samples, diluted approximately the same way, are 
assayed against this curve. The pg/ml yalue obtained for the unknown, 
times the dilution equals the concentration of endotoxin in the 
unknown. 



4. Results 

a. Coupling efficiency: When 60 mg of Polyrayxin-B Sulfate/gram 
of activated PHHA 1s given, 26-31 mg/gram can be coupled. 

b. LPS binding capacity (everything dependent on LPS concentra- 
tion) 

In test procedure A: 
10 ml cartridge 

(700-1000) mg/g media 

33.5 pg/mg Polymyxin-B Sulfate 
250 ml cartridge 43.7 jtg/ml PMBS 
530 tig/g media 
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In test procedure B: 

10 ml cartridge 26.5 /tg/mg PHBS 

250 ml cartridge 32.1/ig/mg PHBS 
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Examnle IS 

Protein A anH p»»t afn r. Affinity p.p ^ c 

Immobilized recombinant Protein A and Protein G were used as 
model proteins to demonstrate the functions of the affinity separation 
media. Protein A is a well-known staphylococcal -derived protein that 
interacts with Fc region of immunoglobulins, especially immunoglobulin 
G. Uses of Protein A include the detection and purification of 
antibodies and immune complexes, bulk production of immunoglobulin 
fractions, and monoclonal antibodies, and as a potential for treatment 
of certain eanewe »nW »n+«.i«»«..«- j* , 

. ~ u,,c u '«"es via extracorporeal plasma 

filtration. 

Protein 6 is an immunoglobulin binding bacterial cell wall 
protein isolated from group G streptococci; it has recently been 
c oned ,nd expressed in bacterial cell systems and hence is available 
in sufficient quantity to fully investigate its properties. Protein G 
is analogous to Protein A in that it too binds to the Fc region of 
immunoglobulins but is reported to be a more general IgG binding 
reage nt since it will bind to certain animal IgGs and human IgG 
subclasses that Interact poorly cr not at all with Protein A. The 

IlVi'rf ° rS 1 (Pr0te1n G} are thou ^ to have broader applica- 
t ons m the immunological arena than the Type I Fc Receptor (Protein 

A } . 

1- Materials anrf fetf^ 

f Cam hHH COn,b1 r, t Pf0te1n " W " PUrChaS6d *" Re P l1 * en Corporation 
(Cambridge, MA). Protein G (Type GXIlTMj was supplied fay ^ 

Corporation (Gaithersburg, MD). Both proteins were immobilized to the 
new matrix as described in Tables X and XI. The affinity support used 
was activated to contain aldehyde groups at the end of an 18-atom 
spacer arm. The extended arm support was selected to prevent sterlc 
problems that sometimes occur when macromolecules are immobilized and 
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used to purify equally large macromolecules. All standard chemicals 
used 1n the Immobilization or evaluation steps were reagent grade and 
purchased from typical laboratory suppliers. Purified bovine and 
human IgG fractions (Fraction II, III) were purchased from Sigma 
Chemical Co. (St. Louis, HO). Human serum was obtained from the 
American Red Cross (Farmington, CT) and was partially purified by ion 
exchange. Polyclonal rabbit antisera to human albumin and goat 
ant 1 sera to human IgG were purchased from Cone BioProducts (Seguin, 
TX) and were also partially purified by ion exchange before use. In 
one experiment, an affinity purified fraction of goat anti-human IgG 
was used. Laboratory peristaltic pumps (Rainin) were used during the 
coupling and testing of the affinity supports in order to achieve the 
flow rates required. On-line UV monitors (Gil son) were used to 
monitor the dynamic events. Protein measurements were routinely made 
by O.D. 280 and verified by Lowry. 

Results and piscussjqn 

Since little has been reported about the optimum coupling 
conditions for the Ugands under study, two sets of experiments were 
performed. In the first set, as reported in Table X, both ligands 
were coupled via glutar aldehyde to an amino affinity support; in this 
case the ligand was stabilized by using sodium borohydride as the 
reducing agent. Comparative testing with various polyclonal IgGs 
consistently showed higher elution capacity from the Protein G column. 

The results shown in Table XI establish a few additional points: 
(1) trimethylamineborane is also an acceptable reducing agent for 
Protein A and Protein G, (2) the new matrix is readily scaleable— a 
2.5 X increase in column size and in amount of ligand coupled yield 
close to perfect scale-up in the amount of IgG that is eluted from 
both columns, and (3) the relatively weaker interaction of bovine 
species with Protein A is in agreement with published literature. 

Although in general the data agrees with published literature, 
especially the weak interaction observed between goat and bovine IgGs 
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with Protein A, it should be kept in mind that both immobilized 
ligands are recombinant in nature, and therefore results may vary 
depending on the source and consistency of the cloned product. Total 
protein recoveries from all experiments ranged from 91-100%, suggest- 
ing that non-recoverable protein loss to the matrix is not a factor. 
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Table X 



COMPARISON OF PROTEIN A AND PROTEIN G COLUMNS: 
INTERACTION WITH VARIOUS POLYCLONAL IgGs WITH SODIUM 
BOROHYDRIDE AS REDUCING AGENT 



Spqctes 

Human IgG 
(pure) 

Human IgG 
(serum) 

Rabbit AHSA 
(antiserum) 



Protein A 



Capacity 

Imsl 



17.52 
16.85 
10.16 



Goat AH IgG 

(affinity purified) 6.88 



Ratio 
3.5 
3.37 
2.03 
1.38 



Protein G 



Capacity 

imal 



19.81 
16.85 
16.54 
19.44 



Ratio 
4.52 
3.76 
3.78 
4.44 



Coupling and Test Conditions: Laboratory- size columns containing 1 
gram of Type A matrix (l,6-diam1nohexane coupled matrix) were used. 
Columns were activated with 0.25% glutaraldehyde in 0.1M borate 
buffer, pH 8.2. After washing the columns free of excess glutar- 
aldehyde, llgand solution (5 mg/ml) in the same buffer was recircu- 
lated for 4 hours. Columns were reduced with sodium borohydride 
(NaBHd) and blocked with 1% glycine ethyl ester hydrochloride, pH 8.2. 
The blocking and reduction step was allowed to proceed overnight for 
convenience. After several washes alternating with buffer (0.05M 
sodium phosphate, pH 7.6, with 0.25M NaCl) and 0.2M glycine-HCl (pH 
2.3), the columns were washed with 0.15M NaCl acidified to pH 2.0, 
then equilibrated with 0.05M sodium phosphate buffer with 0.25M NaCl, 
pH 7.6, prior to applying the IgG fractions. Flow rate throughout was 
2 ml/min. To provide maximum contact time, all IgG solutions were 
recirculated for 1 hour. Elution of the IgG column was accomplished 
with glycine-HCl, pH 2.3. As determined by Lowry, the Protein A 
column coupled at 100% efficiency and contained 5 mg of immobilized 
ligand, whereas the Protein G column coupled at 88% efficiency and 
contained 4.4 mg of immobilized ligand. To provide consistent 
testing, the test solutions were adjusted (by dilution) so as to offer 
50 mg (+/- 5 mg) total IgG to each column. Protein A and Protein G 
columns were tested simultaneously with the same starting pool of test 
sample to avoid the possibility of variation in the starting sample. 
The ratio provided above is defined as the interaction ratio between 
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l?Ja a Jd,! 1Uted l9G ^ imob ™"< »«Md (I.e., eluted IgG/bound 



Table XI 

COMPARISON OF PROTEIN A AND PROTEIN G COLUMNS- 
INTERACTION WITH VARIOUS POLYCLONAL IgGs 
WITH TRIMETHYLAHINEBORANE AS REDUCING AGENT 



Protein A 




Protein G 




Capacity 
(mo) 


Ratio 


Capacity 

iml 


Ratio 




3. 55 


46.66 


4.42 


39.03 


3.15 


40.05 


3.79 


25.19 


2.03 


44.44 


4.20 



Species 

Human IgG 
(pure) 

Human IgG 
(serum) 

Bovine IgG 
(pure) 



*« used" the frKtaciM went m.. ^.. f tudy 'r 1 "»tWMi"»l>crane 

tne Protein A column coupled at 99% efficient m? V- *U4. LOWrjf » 

dilution] i so as tn Ii*«f f« 9, t / he / te / t solutions were adjusted (by 
Protein A and PrSJ^ r m9 (+A l m9) total ^ to each column. 

- Eluted IgG/bound I l igaX abU X ' the Rat1 ° re P°rted above 
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The matrix composition and coupling methods are compatible with 
both ligands. It is proposed, based on the results shown, that the 
bacterial Fc receptors are coupled to the solid support through non- 
critical primary amino sites, leaving the Fc receptor sites accessible 
for interaction with the Fc region of immunoglobulins. The arithmetic 
scale-up observed when columns containing 2.5 X more matrix and 
immobilized ligand were tested with human IgG demonstrates that larger 
devices with flow rates in the 100-1,000 ml/min range can be similarly 
fabricated. 

Further support for the scale-up capabilities of the matrix was 
obtained when human IgG was coupled to a newer form of the matrix, 
this support differing in that it is pre-activated to the aldehyde 
form. (Preactlvation was accomplished by reacting the glycidyl group 
of the cellulose bound GMA with a weak acid such as a dilute per- 
chloric acid to produce the dihydroxy form, I.e., PHMA. The PHMA may 
then be reacted with periodate to give the aldehyde form.) Laboratory 
results yielded ligand immobilization capacities of 10 mg, 80 mg, and 
3,000 mg for devices capable of flowing at 2 ml/min, 5 ml/min, and 125 
ml/min. The largest affinity filter was capable of isolating more 
than 3 grams of IgG from goat anti -human anti -serum. 

Example 16 

Preparation of a Tangential Flow Cartridge 
with Immobilized Protein A 

Protein A was immobilized to hexamethylenedi amine derivatized 
matrix configured in a 250 mL (housing volume) tangential flow 
cartridge containing 13.8 gm of matrix. The cartridge was first 
equilibrated with 0.1 M borate buffer, pH 8.2 (about 2000 mL) then 
treated with 7 mL of a 10 mg/ml solution of protein A, pH 8.2, was 
recirculated through the cartridge overnight (21 hrs). The flow rate 
was about 100 mL/min for the first 2.5 hrs, 50 mL/min for the next 1.5 
hrs and then 25 mL/min for the remaining time. 
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The cartridge was then stabilized by adding 5 mL of a 26% 
solution of glycine ethyl ester, pH-8.2, to the existing solution so 
the final concentration equals approximately 1% (dead volume is 
approximately 130 mL). Two portions of sodium borohydrlde (100 mg) 
were added 20 mln. apart from one another and the solution was 
recirculated for an additional four hours. The cartridge was then 
washed with buffer, pH-8.2, and the eluant reserved as a control for 
protein determination. 

The column was deactivated by recirculating 500 mL of a 1% 
glycine ethyl ester solution, pH-8.2, through the cartridge. Sodium 
borohydrlde (4 x 250 mg each) was then added at 30 minute Intervals 
After about 1-1/2 hours, the solution was allowed to recirculate . t 
4-C overnight. Then, four portions of sodium borohydrlde (400 mg) 
were added (at 45 mln. Intervals) and the solution allowed to recircu- 
late for about four hours at room temperature. 

The column was then washed with the following solutions: 
680 ml 0.1M borate, pH-8.2 
1140 ml 0.2M glydne-HCl, pH-2.3 
450 ml 0.1M borate, pH-8.2 
1140 ml 0.2M glycine-HCl, pH=2.3 
450 ml pH 6.5 buffer 
570 ml 0.2M glycine-HCl 
570 ml pH 6.5 buffer 
70 mg of protein A was coupled to the matrix based on the Lowry 
color test, as described above. A graph of the pressure differential 
(Ap) versus flow rate (ml/m1n) appears in Figure 26. 

The tangential flow cartridge was then tested for HyG purlflca- 
tlon. Three experiments were conducted at various flow rates. H?G ws 
dissolved in 0.05 M phosphate buffer (5 mg/ml), pH 7.6 containing 0.25 
M Nad and recirculated at flow rates of 25, 100, and 140 mL/min for 
60 minutes. As shown 1n Table XII, the capacity of the column was 
only slightly higher at 100 mL/min flow (208 mg) than at 50 mL/min 
(194 mg) and at 25 ral/min (195 mg). 
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Flow Rate 
(mls/mtn) 



TABLE XII 

HYG Washing Elution 
Offered £3fi Elution Inter. Recovery 

mg ml mg Vol Ratio % 



50 
100 
25 



747 
(5 mg/ml) 

683 

(5 mg/ml) 

683 
(5 mg/ml) 



1920 194 1500 2.78 93 
2000 208 1700 2.97 95 
2160 195 1700 2.78 95 



In another experiment, undiluted plasma (70 mL), pH=7.8, was 
recirculated for 60 min at 75 ml/min. As shown in Table XIII, 98% 
recovery of IgG was observed. 



Total 

0.D.28Q Washing vol Elution Can (ma) Elution Inter. Recovery 

offered ml (1) O.D., ftn Vol Ratio % 

(2) Lowrf 80 (ml) 

(O.D.650) 



4061.4 4000 (1) 298 2000 (1) 4.25 98 

(2) 146 (2) 2.09 

In a third experiment, IgG within hemolysed blood (2 month old 
blood kept at 4*C) was purified. The tangential flow cartridge was 
first equilibrated with 0.3 NaCl, pH 7.8, then the cartridge is 
emptied and refilled with hemolysed blood (50 ml), pH»6.76 (unadjus- 
ted). The blood was then recirculated for 60 min at 75 ml/min and the * 
IgG el u ted. As shown In Table XIV, the amount of IgG eluted was 486.4 
mg based on 0.0.280 and 203 mg based on the Lowry method, O.D.550. As » 
shown in Figure 27, the purity of the IgG was >95%. 
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A summary of the testing results appears 1n Table XIV. 
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Comparison of Different liqands on Ateorptjpn pf Heparin 

frgffl Blood 1n Static Tests 

Experimental media was placed in a test tube. Buffered saline, 
human plasma, and whole blood were made to contain 10 or 20 units/ml 
heparin (Sigma Heparin from Porcine Intestinal micosa H-7005; activity 
150-180 USPK1 U (un1ts)/mg). jest fluid was left in contact with 
media for 30 min, then samples were centrifuged for approximately 5 
min at low speed, just until media was pelleted. 

A colorimetric assay for heparin in plasma published by 
Michael D. Klein in Analytical Biochemistry 124:59-64 (1982) was used 
(see Example 13). 

Graphs depicting the relationship between surface area and % 
heparin removal for the three affinity ligands (0.1 g media/10 cm 3 , 
contain time ■ 1 hr, blood volume = 10 mL, heparin concentration 20 U, 
citrate concentration = 2.9 mg/mL) are depicted in Figure 19. 

As shown in Figure 19, the high molecular weight polymer of 
ligand C (polyethyleneimine ligand) is the strongest heparin 
adsorbent. 100% of heparin removal is achievable by contacting 10 ml 
of blood containing 20 tf/ml with 250 cm 2 media for 1 hour. 
Approximately 20% of the 29 mg citrate existing in the blood was also 
found to be' adsorbed by the same media. 

Next, the effect of contact time was determined. The results 
appear in Figure 20 which depicts the % heparin removal for various 
times using ligand A (hexamethylenediamine) and protamine. 

Experiments were conducted by laminating a piece of Zetaffinity 
paper of size 7 cm x 7.5 cm or 52.5 cm 2 in a 150 ml blood bag. 680 U 
of heparin (45% x 150 ml x 10 U/ml) was found to be removed overnight 
with Ligand A, which corresponds to a media capacity of 13 U heparin 
removed per cm 2 paper. 

The results depicted in Figure 20 show that approximately 1 hour 
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contact time is required to have 9054 of the absorption sites utilized 
for binding heparin. 

Next, the effect of protamine concentration on the amount of 
heparin removed from blood was determined. Various concentrations of 
ligand (0-200 mg protamine/g media) were contacted with 10 mL of blood 
having 20 U/mL heparin. The samples were allowed to react for 1 h 
then the amount of heparin bound determined as described above A 
graph depicting the amount of heparin bound to the matrix for two 
sheets of matrix material having surface areas of 12 c m 2 and 6 cm? are 
shown in Figure 20. 

Fx amnio 17 

Prgparatipn and Ovnamir Testing of a T a n^ ent1a1 MnM cartridge 

for Heparin RgmnvaT/ ™ 

A tangential flow cartridge was constructed based on the "250 
size" cartridge as shown in Figure 11. Webbing material as first 
wrapped around the core twice to prevent the media from blanking off 
the core. Then, the media and impermeable film are wrapped together 
with the webbing material until a diameter of 2.600 inches was 
obtained. The media and film were then cut and a 4-inch piece of 
webbing was Inserted 2 inches between the media and the preceding wrap 
of webbing. Finally, the subassembly is held together with elastic 
bands and then capped with polypropylene end caps. The 250 mL size 
cartridge (housing volume) contains 14.4 grams of matrix with a total 
surface area of 180 cm 2 . 

The tangential flow cartridge was thoroughly flushed with saline 
solution at 50 ml/min. One unit of blood was doped with 10 U/ml 
heparin and pumped through the pre-flushed cartridge at a flow rate of 
12 ml/min (Ap - 1.5 psi). The filtered blood was fraction -collected 
at the last 10 ml per every 100 ml fraction. Heparin concentration in 
each fraction was analyzed by the colorimetrlc assay and plotted as 
shown in Figure 23. Figure 23 shows that approximately 70% of the 
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heparin was removed. In a separate experiment (data not shown), 80% 
of the heparin was removed by passing two units of blood through an 
800 size cartridge. 

The pressure differential across the tangential flow cartridge at 
flow rates between 0 and 160 ral/min for blood and saline was then 
determined. The results in Figure 22 show that for media having a 
length of 6'I1", the pressure differential for blood Increases more 
rapidly than for saline at Increasing flow rates. 

In Table XV, the analysis of blood components for various 
volumes of filtered blood for the 250 mL size tangential flow 
cartridge is depicted. Table XVI shows the analysis of blood com- 
ponents for various volumes of blood using the 800 mL size tangential 
flow cartridge. 
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The potential for affinity purification has been demonstrated on 
cartridge devices. Simplicity of use, and consistent scale-up 
capabilities, plus a matrix that is stable enough to be heat-steri- 
^ lized before ligand attachment, provide possibilities for new 

approaches to the complex purification schemes presently used to 
isolate products from recombinant fluids. Availability of new ligands 
with improved specificity, such as shown with Protein A and Protein G, 
will further the advances being made 1n development of more process- 
oriented affinity supports. 

Having now fully described this Invention, 1t will be understood 
by those skilled in the art that the same can be performed within a 
wide and equivalent range of parameters, conditions, structures, and 
uses without effecting the spirit or scope of the invention or of any 
embodiment thereof. 
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WHAT IS CLAIMED AS NEW AND DESIRED TO BE SECURED BY LETTERS 
PATENT OF THE UNITED STATES IS: 

1. A modified polysaccharide material which comprises: 

(1) a water-Insoluble polysaccharide covalently bonded to a 
synthetic polymer; 

(2) said synthetic polymer made from 

(a) a polymerizable compound which has an epoxy group 
capable of direct covalent coupling to said 
polysaccharide; and 

(b) one or more polymerizable compounds containing 

(1) a chemical group capable of causing the 
covalent coupling of said synthetic polymer 
to an affinity ligand or a biologically 
active molecule, or 

(ii) a hydrophobic chemical group. 

2. The material of claim 1 wherein said synthetic polymer is a 
homopolymer. 

3. The material of claim 2 wherein said synthetic polymer is a 
homopolymer of glycidyl acrylate or glycidyl methacrylate. 

4. The material of claim 1 wherein said synthetic polymer is a 
copolymer. 

5. The material of claim 1 wherein said polysaccharide is 
cellulose. 

6. The material of claim 1 wherein said chemical group capable 
of causing said covalent coupling has been reacted with an affinity 
ligand. 
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7. 



The material of claim I wherein said chemical group capable 
of causing the covalent coupling of said synthetic polymer to said 
affinity ligand is selected from the group consisting of a primary 
amine and an aldehyde. 

8. The material of claim 6 wherein said affinity Hgand is an 
enzyme, a nucleic acid, an antigen, an antibody, a saccharide, a 
lectin, an enzyme cofactor, an enzyme inhibitor or a binding protein. 

9. The material of claim 8 wherein said ligand is selected from 
the group consisting of benzamidine, Protein A, Protein 6, polymyxin- 
B, protamine and heparin. 

10. A self-supporting celluloslc fibrous matrix which comprises 
the material of claim 6. 

comor!!' B I \n/ 6th0d ° f aff1nUy Chromato 9' a P^ the improvement 
compn ing utilizing as the insoluble ligand support the material of 
claim 1. 

12. In a method of carrying out chemical reactions using an 
msolubi ized biologically active molecule, the improvement wherein 
the insoluble support for said molecule is the material of claim 1. 

13 The methods of any one of claims 11 or 12 wherein said 
material is In the form of a self.supporting celluloslc fibrous 
matrix. 

14. A process for preparing the modified polysaccharide material 
of claim 1 which comprises: 

(1) polymerizing said compound (a) which has an epoxy group 
capable of reacting with the hydroxy group of said 
polysaccharide, with said compound (b) in the presence 
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of said polysaccharide, under temperature conditions 
insufficient . to cause the covalent binding of said 
compound (a) to said polysaccharide, to thereby form a 
synthetic polymer of (a) and (b); 
(2) reacting said polysaccharide with said chemical group 
of compound (a) of said synthetic polymer under 
conditions sufficient to cause said covalent bonding. 

15, A chromatography column for effecting chromatographic 
separation of at least two components of a sample flowing therethrough 
comprising: 

a housing; 

at least one solid stationary phase in said housing, 
comprising a matrix having chromatographic functionality and being 
effective for chromatographic means for distributing the sample 
through the stationary phase; and 

means for collecting the sample after the sample has flowed 
through the stationary phase, wherein said matrix comprises the 
material of claim 1. 

16. A chromatography column for effecting chromatographic 
separation of at least two components of a sample flowing therethrough 
comprising: 

(1) a housing, said housing comprising: 

(a) an inlet housing member, and 

(b) an outlet housing member, said inlet housing 
member and said outlet housing member defining a radially, outwardly 
expanding stationary phase chamber; and 

(2) a stationary phase within said radially outwardly 
expanding stationary phase chamber, said stationary phase chamber 
comprising a matrix having chromatographic functionality and being 
effective for chromatographic separation; 
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wherein said stationary phase and said radially outwardly 
expanding stationary phase chamber coact to provide substantially 
uniform radial distribution of sample across said stationary phase, 
wherein said matrix comprises the material of claim 1. 

17. A chromatography column for effecting chromatographic 
separation of at least two components of a sample flowing therethrough 
comprising: 

(1) a housing, said housing comprising: 

(a) an inlet housing member, and 

(b) an outlet housing member, said Inlet housing 
rneaber and said outlet housing member defining a stationary phase 
chamber; and 

(2) a stationary phase within said stationary phase 
chamber, said stationary phase comprising a matrix having chroma- 
tographic functionality and being effective for chromatographic 
separation, 

wherein said stationary phase chamber and said stationary phase 
coact to distribute sample across said stationary phase, said matrix 
comprising the material of claim 1. 

18. A chromatography column for effecting chromatographic 
separation of at least two components of a sample flowing therethrough 
comprising: 

(1) a housing, said housing comprising: 

(a) an inlet housing member, and 

(b) an outlet housing member, said inlet housing 
member and said outlet housing member defining a radially, outwardly 
expanding stationary phase chamber; and 

(2) a stationary phase within said radially, outwardly 
expanding chamber, said stationary phase comprising: 

(a) matrix having chromatographic functionality and 
being effective for chromatographic separation, wherein said station- 
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ary phase chamber and said stationary phase coact to distribute sample 
across said stationary phase, said matrix comprising the material of 
claim 1. 

19. A process for effecting chromatographic separation of at 
least two components of a sample comprising contacting said sample 
with a self-supporting fibrous matrix comprising a modified poly- 
saccharide material, said modified polysaccharide material comprising: 



(1) a water insoluble polysaccharide covalently bonded to a 
synthetic polymer; 

(2) said synthetic polymer comprising 

(a) a polymerizable compound which has an epoxy group 
capable of direct covalent coupling to said 
polysaccharide; and 

(b) one or more polymerizable compounds containing 

(1) a chemical group capable of causing the 
covalent coupling of said synthetic polymer 
to an affinity ligand or a biologically 
active molecule, or 

(ii) a hydrophobic chemical group. 



20. The process of claim 19, wherein said contacting comprises 
radial flow of said sample through said matrix, 

21. The process of claim 19, wherein said contacting comprises 
tangential flow of said sample across said matrix. 

22. A chromatographic device for effecting chromatographic 
separation of at least two components of a sample, comprising: 

(A) a modified polysaccharide material which comprises: 

(1) a water-insoluble polysaccharide covalently bonded to a 
synthetic polymer; 

(2) said synthetic polymer made from 
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(a) a polymerizable compound which has an epoxy group 
capable of direct covalent coupling to said 
polysaccharide; and 

(b) one or more polymerizable compounds containing 

(i) a chemical group capable of causing the 
covalent coupling of said synthetic polymer 
to an affinity ligand or a biologically 
active molecule* or 

(ii) a hydrophobic chemical group; and 

(B) means for effecting tangential flow of said sample across 
said modified polysaccharide material. 

23 The device of claim 22, wherein said modified polysaccharide 
•naterial is in the form of a sheet, a corrugated sheet, or tube. 

24. A chromatography device for effecting chromatographic 
separation of at least two components of a sample, comprising: 

(1) a cylindrical core, 

(2) at least a first and second stationary phases wound 
around said cylindrical core, wherein 

(a) a first phase comprises a modified polysaccharide 
material which comprises: 

(i) a water- insoluble polysaccharide covalently 

bonded to a synthetic polymer; 
(H) said synthetic polymer made from 

(1) a polymerizable compound which has an 
epoxy group capable of direct covalent 
coupling to said polysaccharide; and 

(2) one or more polymerizable compounds 
containing 

(a) a chemical group capable of causing 
the covalent coupling of said 
synthetic polymer to an affinity 
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Ugand or a biologically active 

molecule, or 
(b) a hydrophobic chemical group, 
wherein said first phase is in the form of a 
sheet; 

(b) a second phase comprising a means for supporting, 
separating, and providing channels tangential to 
said cylindrical core; 

(3) means for distributing the sample to said channels; 

(4) means for collecting the sample from said channels; and 

(5) a cylindrical housing. 

25. The device of claim 24, further comprising a nozzle disposed 
on the end of said cylindrical housing, wherein said means for 
collecting the sample from said channels comprises one or more grooves 
along the axial length of said cylindrical core which are in fluid 
communication with said channels and said nozzle. 

26* The device of claim 24, further comprising a nozzle disposed 
on the end of said cylindrical housing, wherein said means for dis- 
tributing the sample to said channels comprises one or more grooves 
along the axial length of said cylindrical housing which are in fluid 
communication with said channels and said nozzle. 

27. The device of claim 24, wherein said means for separating, 
spacing, and providing channels comprises two arrays of filaments, 
comprising 

(1) a first array spaced parallel to one another and 
perpendicular to the axis of said cylindrical core, and 

(2> a second array of filaments spaced parallel to one 
another and disposed at an angle to to said first 
array. 
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28. The device of claim 27, wherein said first array and said 
second array are affixed at their crossover points. 
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